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RECORDING POSITION ADJUSTING PATTERN FORMING METHOD, 
IMAGE RECORDING POSITION ADTUSTING METHOD AND IMAGE 

RECORDING APPARATUS 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a recording position adjusting pattern 
forming method, an image recording position adjusting method and an 

10 image recording apparatus, and more particularly relates to a 
recording position adjusting pattern forming method, an image 
recording position adjusting method and an image recording apparatus 
to be used for correction of the image displacement due to the 
recording position displacement between plural recording heads of an 

15 image recording apparatus on which plural recording heads are 
mounted. 

2. Description of the Related Art 

The mechanical fixing error of the fix position and fix attitude 
20 of heads that are arranged in parallel on a carriage causes the inclined 
printing of horizontal rules due to the printing position displacement 
between the heads and displacement of fixed angle to the scanning 
direction of a carriage. 

To correct the printing position, the electric delay is properly 
25 applied to the printing signal that is applied to the heads so as to offset 
the error due to mechanical fixing or printing characteristic difference 
between the heads. Thereby, it is possible to correct the printing 
position. 

At that time, for checking the proper adjustment magnitude of 
30 the electric delay, the delay detection is checked visually or 

automatically by means of an optical detection unit by use of a test 
pattern that is printed with a predetermined successive displacement of 
the electric delay to thereby detect the displacement magnitude of the 
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parallel pattern included in the pattern or to detect the average density 
of the pattern. As the result, it is possible to correct the printing 
position properly. 

Various methods for detection and correction of the fixing 
5 angle to the recording head (inclination of a head) and the printing 
position have been proposed. For example, Japanese Published 
Unexamined Patent Application No. Hei 11-99643 discloses a method in 
which a predetermined pattern is recorded by use of respective right 
and left heads to detect the printing position displacement between 
10 plural recording heads. At that time, the pattern of the one head is 

recorded with displacement of a predetermined magnitude and without 
q displacement, the recorded result of the pattern is read by use of a 

sensor and the density of the pattern is compared to detect the 
?M recording position displacement. 

15 For example, Japanese Published Unexamined Patent 

'i ts$ 

Application No. Hei 7-17076 discloses a technical method as a pattern 
:|j to detect printing displacement in which an adjusting pattern having 

J plural vertical rules of at least three lines, the relative position of which 

□ three lines is slightly displaced in the carrier scanning direction of the 

• " 20 lines of the odd number line and the even number line, is printed, and 
the coincidence of the vertical rule on two lines and the coincidence of 
the vertical rule on three or more lines that form an approximate 
straight line with the whole vertical line is identified visually, the 
inclination of the printing is calculated, and the inclination is adjusted. 
25 For example, Japanese Published Examined Utility Model Hei 

3-8448 and USP 4878063 disclose the adjusting pattern of the horizontal 
line for visual adjustment, and furthermore the Japanese Published 
Unexamined Patent Application No. Hei 10-264485 discloses a method 
in which parallel line pattern is used as the adjusting pattern for visual 
30 adjustment. 

Furthermore, for example, Japanese Published Unexamined 
Patent Application No. Hei 7-178964 and Japanese Published 
Unexamined Patent Application No. Hei 8-90835 disclose the printing 
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pattern and a recording apparatus for adjusting the printing position of 
a reciprocal recording head. 

In the case where a detection pattern is formed with a color 
monochrome and, in particular, the average density of the pattern is 
5 detected automatically by use of an optical unit, the sensitivity of C 
(cyan) or Y (yellow) is not sufficient due to the spectral characteristics 
of the optical detection unit, it is difficult to detect the density 
difference of the monochrome pattern, and a light source having the 
different spectral characteristics is required. 

10 The parallel pattern is displaced by a predetermined magnitude 

from the proper value because of the structure of the pattern, a space 
appears on the pattern, and the average density is lowered. According 
to the method described hereinabove, though the density difference 
can be detected, the patterns (parallel bars) overlap each other in the 

15 magnitude equal to the caused space. Because the lower density color 
(low sensitivity) results in the higher density of the overlap area, the 
caused space and the density increase of the overlap area are offset 
each other to prevent the detection of the average density difference. 

Because the density absolute value of the monochrome pattern 

20 is low (that is, the reflectance is high), in the case where the luminance 
of a light source is increased to enlarge the density difference, the 
output of a light receiving element is saturated and the luminance 
cannot be increased resultantly. 

In the case of visual detection, the density difference or pattern 

25 displacement of Y is difficult to be recognized. 

The present invention has been accomplished to solve the 
above-mentioned problem, and provides a method for forming 
recording position adjusting pattern, and an image recording position 
adjusting method and an image recording apparatus that are capable of 

30 correction of the recording position correct precisely. 
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SUMMARY OF THE INVENTION 

To solve the problem described hereinabove, the present 
5 invention has been accomplished to provide a recording position 

adjusting pattern forming method for adjusting a recording position of 
plural recording heads of different colors for recording a color image 
on a recording medium characterized in that a recording head of a 
predetermined color is assigned as a reference recording head among 
10 the plural recording heads, the reference recording head is adjusted so 
as to form a predetermined reference pattern, plural reference parallel 
bars are recorded on the recording medium, and plural parallel bars 
are recorded with different inclination respectively on the recording 
medium by use of a recording head other than the reference recording 
n 15 head between the plural reference parallel bars with overlapping to 

form a recording position adjusting pattern, 
y According to the present invention, the reference head is 

J adjusted so as to form a predetermined reference pattern (for example, 

3 reference parallel bars with corrected inclination of the reference 

20 recording head), plural reference parallel bars are recorded on a 

recording medium, and the plural bars with different inclination are 
recorded between the recorded plural reference parallel bars with 
overlapping by use of another recording head. In detail, the plural 
parallel bars recorded by means of another recording head are 
25 recorded so that the inclination of the parallel bars is different 

respectively with respect to the reference parallel bars, the inclination 
of the parallel bar with the smallest inclination is detected among the 
recorded recording position adjusting patterns, and the detected 
inclination is regarded as the correction value. As the result, it is 
30 possible that the inclination of the image recorded by means of the 
reference recording head is matched correctly with the inclination of 
the image recorded by means of another recording head. 
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By adjusting the recording position due to the inclination of the 
reference recording head previously, the inclination of other recording 
heads is adjusted as described hereinabove to thereby correct the 
recording position due to the inclination of all the recording heads 
5 more correctly. 

The reference recording head records plural blocks each of 
which includes plural reference parallel bars and another recording 
head records plural blocks each of which includes plural parallel bars, 
and the parallel bars with different inclination for every block are 
10 recorded. Thereby, the parallel bars recorded by means of a recording 
H= head other than the reference recording head have different inclination 

for every block. As the result, the smallest inclination is detected for 
[I* each block, and it is possible to detect the inclination correction value 

(degree of inclination) correctly. 
lj 15 The black recording head for recording a black image is 

« assigned as the reference recording head and the reference parallel 

1:4: 

m bars are black. Because the parallel bars recorded by means of another 

recording head (for example, a different color such as cyan, magenta, 

p yellow) with different inclination are overlapped on the black reference 

20 parallel bars, it is possible to detect the density change based on a 
moire formed by overlapping of black and another color. As the 
result, it is possible to correct the recording position due to inclination 
of the recording head by detecting the density by means of the optical 
detection unit. 

25 Otherwise, a method may be employed in which the inclination 

of the reference parallel bars due to inclination of the reference 
recording head is adjusted, the recording position in a scanning 
direction of the recording head between the respective recording heads 
of the plural recording heads is adjusted, and a recording position due 

30 to inclination caused between plural recording head is adjusted. 

The inclination of the reference parallel bars due to inclination 
of the reference recording head is adjusted, the recording position in 
the scanning direction of the recording head between recording heads 
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is adjusted (color displacement correction) between plural recording 
heads, and the inclination of the parallel bar with the smallest 
inclination is regarded as the correction value to thereby adjust the 
recording position due to inclination caused between the plural 
5 recording heads. In other words, the recording position due to 

inclination of the reference recording head is adjusted previously, and 
the recording position in the scanning direction between recording 
heads is adjusted. Thereby, the inclination of each recording head is 
adjusted with aid of the reference recording head as the reference by 
10 use of the above-mentioned recording position adjusting pattern. As 
u the result, the inclination caused between all the recording heads can 

be corrected correctly. 
\>2 Furthermore, the present invention provides an image 

d recording apparatus including plural recording heads for recording 

! '0 15 images of different colors respectively on a recording medium, a 
7 recording control unit that controls the reference recording head of the 

reference color for the plural recording heads to record plural 
Q reference parallel bars on the recording medium and controls a 

l Jz recording head other than the reference recording head to record 

20 plural parallel bars with different inclination respectively on the 
recording medium between the reference parallel bars with 
overlapping to thereby record a recording position adjusting pattern 
on the recording medium, an optical detection unit that optically 
detects the recording position adjusting pattern recorded by means of 
25 the recording control unit, and a recording timing adjusting unit that 
adjusts a recording timing of the plural recording heads of the 
recording control unit based on a detected output of the optical 
detection unit. 

The plural recording heads form a color image on a recording 
30 medium. The recording control unit controls the reference recording 
head of the color to be used as the reference to record plural reference 
parallel bars on the recording medium, and controls another recording 
head so that plural parallel bars with different inclination recorded by 
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means of another recording head is overlapped on the reference 
parallel bars. As the result, the recording position adjusting pattern 
can be formed on the recording medium. 

The optical detection unit detects, for example, the density 

5 change of the recording position adjusting pattern formed on the 

recording medium, and the recording timing adjusting unit adjusts the 
recording timing of the recording head so that the inclination of the 
parallel bar with the highest (or lowest) inclination of the detected 
average density is regarded as the correction value of the recording 

10 head that has recorded the parallel bar to equalize the inclination of the 
parallel bars. Thereby, the inclination of another recording head can 
be equalized to the inclination of the reference recording head. 

Herein, the inclination of the reference recording head has 
been adjusted previously, and this inclination is applied to all the 

15 recording heads to correct the inclination. Thereby, the recording 
position due to inclination of the recording head can be adjusted 
correctly. 

The black printing recording head for recording black image is 
assigned as the reference recording head and the black parallel bars are 

20 resultantly assigned as the reference parallel bars. Parallel bars 

recorded by means of another recording head with different inclination 
(for example, another color, namely cyan, magenta, or yellow) are 
overlapped on the black reference parallel bars. Thereby, it is possible 
to detect the density change based on a moire caused by overlapping 

25 the black on another color. As the result, it is possible to adjust the 
recording position due to the inclination of the recording head by 
detecting the density by means of the optical detection unit of a 
monochrome light source. 

Furthermore, a method may be employed in which the optical 

30 detection unit detects the recording position adjusting pattern on a 
downstream side of an image recording direction in a direction that 
intersects with a scanning direction of the plural recording heads. By 
employing the method described hereinabove, the optical detection 
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unit can start detecting when the recording of the parallel bars is 
completed, and it is possible to detect the recording position 
displacement. 

Furthermore, an operation starting instruction unit and an 

5 automatic execution control unit 23 that automatically operates the 
recording control unit, the optical detection unit, and a recording 
timing adjusting unit based on an operation starting instruction 
supplied from the operation starting instruction unit may be provided. 
The automatic execution control unit 23 may be a switch provided on 

10 the image recording apparatus or the instruction may be one supplied 
from a computer that controls the image forming apparatus. The 
present invention can be applied to a method for forming a recording 
position adjusting pattern, in which plural reference parallel bars are 
recorded by use of the recording head of the predetermined color 

15 among independent recording heads for recording plural colors 

respectively to be used to record a color image on a recording medium 
and plural parallel bars with different inclination respectively are 
recorded between the bars of the reference parallel bars by use of a 
recording head other than the recording head described hereinabove. 

20 Furthermore, the present invention may be applied as a method for 
detecting a recording position adjusting pattern, in which reference 
plural parallel bars are recorded by use of the recording head of the 
predetermined color among independent recording heads for 
recording plural colors respectively to record a color image on a 

25 recording medium and plural parallel bars with different inclination 
respectively are recorded between the bars of the reference parallel 
bars by use of a recording head other than the recording head 
described hereinabove, and the recorded parallel bars are detected 
optically. 

30 The optical detection is preferable for detecting the reflection 

density of the parallel bars. Furthermore, the present invention may 
be applied as a method for aligning plural recording heads, in which 
plural reference parallel bars are recorded by use of the recording head 
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of the predetermined color among independent recording heads for 
recording plural colors respectively to record a color image on a 
recording medium and plural parallel bars with different inclination 
respectively are recorded between the bars of the reference parallel 
5 bars by use of a recording head other than the recording head 

described hereinabove, the recorded parallel bars are detected optically 
and the recording timing of the recording head is adjusted based on 
the detected result In this case, the recording of the reference parallel 
bars, the recording of the plural parallel bars with different inclination, 
10 the optical detection, and the recording timing adjustment can be 
u executed automatically, and the load on a user is mitigated 

□ Furthermore, the present invention can be applied as an image 

|il recording apparatus provided with an auto-alignment mode for 

automatically executing an operation comprising a step in which plural 
m 15 reference parallel bars are recorded on a recording medium by use of a 

recording head of a color that is predetermined previously among 
It independent recording heads of plural colors that are used to record a 

O color image on the recording medium, plural parallel bars with 

^; different inclination respectively are recorded between adjacent bars of 

20 the reference parallel bars by use of a recording head other than the 
recording head described hereinabove, the recorded parallel bars are 
detected optically, and a recording timing of the recording head is 
adjusted based on the detection result. Automatic execution mode may 
include recording position adjustment between the plural recording 
25 heads concomitant with reciprocation printing of a carriage movement 
in the horizontal direction and the vertical direction with respect to the 
carriage moving direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 



Preferred embodiments of the present invention will be 
described in detail based on the followings, wherein: 
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FIG. 1 is a perspective view showing the schematic structure of 
a color printer in accordance with an embodiment of the present 
invention; 

FIG. 2 is a diagram showing the arrangement of printing heads 
for respective colors; 

FIG. 3 is a block diagram showing a control system of the color 
printer in accordance with the embodiment of the present invention; 

FIG. 4 is a diagram for describing a recording area of a printing 

head; 

FIG. 5 is a flowchart showing the image displacement detection 
adjustment; 

FIGs. 6A and 6B are a flowchart showing the K color tilt 
correction processing; 

FIG. 7 is a diagram for describing the K color tilt correction; 

FIGs. 8A and 8B are a diagram showing a series of flow of the 
image displacement detection adjustment; 

FIGs. 9A and 9B are a flowchart showing the X-direction color 
registration correction processing; 

FIG. 10 is a diagram showing the X-direction color registration 
correction pattern; 

FIG. 11 is a flowchart showing the color tilt correction 
processing; 

FIG. 12 is a diagram showing the color tilt correction pattern; 

FIG. 13 is a diagram showing the conventional color tilt 
correction pattern; 

FIG. 14 is a diagram showing the detection output of the 
conventional color tilt correction pattern detected by means of the 
optical detection unit; 

FIG. 15 is a diagram showing the detection output of the color 
tilt correction pattern in the present embodiment detected by means of 
the optical detection unit; 

FIG. 16 is a flowchart showing the reciprocation displacement 
correction processing; 
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FIG. 17 is a diagram showing the conventional reciprocation 
displacement correction pattern; 

FIG. 18 is a diagram showing the detection output of the 
conventional reciprocation displacement correction pattern detected by 
5 means of the optical detection unit; 

FIG. 19 is a diagram showing the detection output of the 
reciprocation displacement correction pattern used in the present 
embodiment detected by means of the optical detection unit; 

FIG. 20 is a diagram showing the detection output of the 
10 reciprocation displacement correction pattern used in the present 

embodiment detected by means of the optical detection unit under the 
condition of increased luminance (approximately double luminance in 
comparison with that shown in FIG. 19); and 

FIG. 21 is a flowchart showing the Y-direction color 
15 registration correction processing. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One example of an embodiment of the present invention will 
20 be described in detail hereinafter with reference to the drawings. 

FIG. 1 is a schematic structure of a color printer 10 in 
accordance with an embodiment of the present invention. The color 
printer 10 is provided with a rod 14 and a carriage 16 that moves along 
the rod 14 in a box 12 as shown in FIG. 1. The carriage 16 is provided 
25 detachably with color printing (recording) heads 18 that are served for 
printing the color corresponding to CMYK colors respectively (K 
printing head 18K, C printing head 18C, M printing head 18M, and Y 
printing head 18Y), and the carriage 16 moves along the rod to record 
in the fast-scanning direction. 
30 Furthermore, the color printer 10 is provided with a platen 20 

on which paper P that is served as a print medium, and the paper P is 
moved on the platen 20 in the direction perpendicular to the fast- 
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scanning direction of the carriage 16 to carry out recording in the slow- 
scanning direction. 

In detail, color inks of the respective color printing heads 18 
mounted on the carriage 16 are ejected to form an image in the fast- 
5 scanning direction while the carriage 16 is being scanned in the fast- 
scanning direction along the rod 14. An image is formed on the whole 
area or partial area of the recording area formed on paper P on the 
platen 20 that is defined by the respective nozzle bank lengths (slow- 
scanning direction) of the color printing head 18 and the scanning 

10 length of the carriage. The paper P is moved a certain distance 

corresponding to the length of the image formed in the slow-scanning 
direction and the image is formed in the fast scanning direction again, 
and the image is formed on the entire area of the paper P by repeating 
the image forming in the fast scanning direction and paper moving in 

15 the slow-scanning direction alternately. The respective color printing 
heads 18 are disposed in the order from K, to C, M, and Y along the 
scanning direction of the carriage 16 as shown in FIG. 1 and FIG. 2, but 
the order is by no means limited to the order shown in FIG. 1 and FIG. 
2. 

20 Furthermore, an optical detection unit 22 is provided at the 

position on the downstream side in the paper moving direction of the 
carriage 16, and the optical detection unit 22 scans concomitantly with 
scanning of the carriage 16. The optical detection unit 22 is provided 
with a light projecting part and light receiving part though not shown 

25 in the drawings, the light projecting part supplies light onto paper and 
the light receiving part receives the light reflected from the paper P. 
Thereby, the density of the image recorded on the paper P is detected 
optically. 

Furthermore, a maintenance unit 24 provided for maintaining 
30 each color printing head 18 outside the recording area in the scanning 
direction of the carriage 16, and a waiting position of the carriage 16 is 
set at the position where the maintenance unit 24 is engaged with the 
color printing heads 18. 
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Next, the control system of the color printer 10 in accordance 
with the embodiment of the present invention will be described with 
reference to a block diagram shown in FIG. 3. 

As shown in FIG. 3, the operation of the color printer 10 is 
5 controlled by means of a microcomputer 32 provided with a CPU 26, a 
ROM 28, a RAM 30, and peripheral devices. 

The CPU 26, ROM 28, RAM 30, an input interface (input I/F) 34, 
and an output interface (output I/F) 36 of the microcomputer 32 are 
connected to a bus 38, and the input I/F 34 is connected to the optical 
10 detection unit 22. A signal detected by means of the optical detection 
unit 22 that indicates the density of the image recorded on the paper P 
is supplied to the microcomputer 32. 

The output I/F 36 is connected to a driver42 for driving a 
feeding motor 40 that is served to feed the paper P and a driver 41 for 
15 driving a carriage scanning motor 43 that is served to move the 

carriage 16. The feeding motor 40 and the carriage scanning motor 43 
are controlled in response to the instruction supplied from the 
microcomputer 32. 

Furthermore, the output I/F 36 is connected to the respective 
20 printing heads 18 (K printing head 18K, C printing head 18C, M 

printing head 18M, and Y printing head 18Y), and the ejection of ink 
from each printing head 18 is controlled by means of the 
microcomputer 32. 

The ink ejection control of the color printing heads 18 is 
25 described hereunder. For example, the ink ejection timing of plural ink 
ejection nozzles of the respective printing heads 18 is controlled to 
control the image recording position in the scanning direction of the 
carriage 16. An actual use area 44 and an allowance area 46 to be 
actually used are set as shown in FIG. 4 for plural ink ejection nozzles 
30 of the respective printing heads 18, and the actual use area 44 is 
controlled to control the image recording position in the feeding 
direction of the paper P. Furthermore, the control of the ejection 
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timing and the control of the actual use area 44 are controlled 
simultaneously to thereby correct the inclination of the printing head. 

Subsequently, the image displacement detection adjustment in 
the color printer 10 having the structure described hereinabove will be 
5 described with reference to a flowchart shown in FIG. 5. 

Herein, as shown in FIG. 2, a case in which the scanning 
direction of the carriage 16 is assigned as X-direction (horizontal 
direction), the paper feeding direction is assigned as Y-direction 
(vertical direction) and the inclination to Y-direction is assigned as tilt 

10 will be described for the purpose of description. 

At first, K color parallel bars are printed for K color tilt 
correction in step 100. The K color tilt is corrected according to the 
flowchart shown in FIGs. 6A and 6B. 

In detail, plural parallel bars 48 extending in Y-direction are 

15 printed along X-direction as shown in the upper part in FIG. 7 by use 
of the upstream side nozzle of the K printing head 18K. The printing 
interval between parallel bars 48 is equal to the printing interval of the 
parallel bars 48 in X-direction (step 120). At that time, the plural 
parallel bars 48 are grouped to form blocks each of which includes a 

20 predetermined number of bars, and blocks are printed with tilt of 4 
dots successively for each block as the parallel bars 48. The tilt blocks 
are printed so as to have the median at the present state and so as to 
tilt 4 dots each in the positive and negative direction, and the span of 
adjustable range is ± 16 dots as shown in FIGs. 8 A and 8B. 

25 Subsequently, the paper P is moved in Y-direction so that the 

nozzle located on the downstream side of the K printing head 18K is 
positioned at the position of the parallel bars 48 printed by the 
upstream side nozzle of the K printing head 18K (step 122). The 
parallel bars 50 are printed between the parallel bars 48 printed by the 

30 upstream side nozzle as shown in the lower row of FIG. 7 by use of the 
downstream side nozzle with 4-dot tilt for each block as in the case of 
the parallel bars 48 printed by the upstream side nozzle (step 124). The 
density of the parallel bars 48 and 50 printed as described hereinabove 
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is detected by means of the optical detection unit 22 mounted on the 
carriage 16 (step 126), the block having the highest average density is 
detected, and the tilt magnitude of the block is set as the temporary tilt 
magnitude of K color (step 128). 
5 Furthermore, plural parallel bars 48 are printed along X- 

direction by use of the K color upstream side nozzle as in the case of 
step 120 (step 130). At that time, the parallel bars 48 are grouped into 
blocks each of which includes a predetermined number of parallel bars 
and each block is printed in block with one dot tilt for each block as the 

10 parallel bars 48. The tilt blocks are printed so as to have the median at 
temporary tilt magnitude set in step 128 and so as to tilt 1 dot each in 
the positive and negative direction, and the span of adjustable range is 
± 4 dots as shown in FIGs. 8A and 8B. 

Subsequently, the paper P is moved in Y-direction so that the 

15 downstream side nozzle of the K printing head 18K is positioned at the 
position of the parallel bars 48 printed with the temporary tilt 
magnitude by means of the upstream side nozzle of the K printing 
head 18K (step 132). The parallel bars 50 are printed between the 
parallel bars 48 printed by the upstream side nozzle by use of the 

20 downstream side nozzle with 1 dot tilt for each block as in the case of 
the parallel bars 48 printed by the upstream side nozzle (step 134). The 
density of the parallel bars 48 and 50 printed as described hereinabove 
is detected by means of the optical detection unit 22 mounted on the 
carriage 16 (step 136), the block having the highest average density is 

25 detected, and the tilt magnitude of the block is set as the temporary tilt 
magnitude of K color. The set tilt magnitude is corrected when the 
data is expanded to correct the tilt of K color. For example, it is 
possible that the printing timing is changed corresponding to the set 
tilt magnitude or printing data is replaced to thereby correct the tilt. 

30 As described hereinabove, in K color tilt correction processing 

as shown in FIG. 8, the rough adjustment for every 4 dots is performed 
and the fine adjustment for every 1 dot is performed thereafter to 
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correct K color tilt. In other words, the number of patterns to be 
recorded on paper is reduced by correcting K color tilt stepwise. 

Subsequently, after K color tilt is corrected in step 100 shown 
in FIG. 5, X-direction color registration is corrected in step 102. The X- 

5 direction registration is corrected according to the flowchart shown in 
FIG. 9 A and9B. 

In detail, plural blocks each of which includes a certain 
predetermined number of K color parallel bars 52K that have been 
subjected to tilt correction in step 100 are printed (step 150), a color 

10 (any one of C, M, Y colors) is printed repeatedly by use of a part of 
nozzles that are to be a nozzle bank length that is not influenced by 
tilting in the upstream side nozzle of the color printing head 18 
(repeated printing in which printing is carried out by use of the above- 
mentioned part of nozzles and the paper P is moved in Y-direction). 

15 Thereby, the parallel bars 52C (or 52M, 52Y) with 4-dot displacement in 
X-direction for very block are printed between K color parallel bars 
52K as shown in FIG. 10 (step 152). Herein, by printing of the color is 
carried out repeatedly by use of the part of nozzles that are to be the 
nozzle bank length that is not influenced by the tilting of the upstream 

20 side nozzle, the colored parallel bars 52C, 52M, and 52Y are printed 
without tilt, and as shown in FIG. 10, the parallel bars of K color are 
approximately parallel to the colored parallel bars of 52C, 52M, and 
52Y. Herein, the displacement of each block is 4 dots in the positive 
direction and the negative direction so that the median is located at the 

25 present state, and the span of adjustable range is ± 16 dots as shown in 
FIGs. 8A and 8B. 

The optical detection means 22 mounted on the carriage 16 
detects the average density of each block (step 154) to detect the block 
having the highest average density, and the image displacement 

30 magnitude of the block is set as the temporary registration 

displacement magnitude (step 156). At that time, the optical detection 
unit 22 detects the change of the average density caused by changing 
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the overlap area due to the displacement difference between respective 
colors and K color. 

Whether or not the temporary setting of the registration 
displacement magnitude of the respective colors has been completed is 

5 checked in step 158, processing including from step 150 to step 158 is 
repeated until a YES result is obtained, and the sequence then proceeds 
to step 160 when a YES result is obtained. 

After the temporary registration displacement magnitude has 
been set for respective colors, the K color parallel bars are grouped 

10 into blocks each of which includes a certain number of bars and plural 
blocks are printed in block similarly to step 150 (step 160), and a color 
is printed repeatedly by use of a part of nozzles that are to be a nozzle 
bank length that is not influenced by tilt of the upstream side nozzle of 
the color printing head 18. Thereby, the parallel bars 52C with 1 dot 

15 displacement in X-direction for very block are printed (step 162). 

Herein, the displacement of each block is 1 dot in each of the positive 
and the negative directions so that the median is located at the 
temporary registration displacement magnitude set in step 156, and the 
span of adjustable range is ± 4 dots as shown in FIGs. 8A and 8B. 

20 The optical detection means 22 mounted on the carriage 16 

detects the average density of each block (step 164) to detect the block 
having the highest average density, and the image displacement 
magnitude of the block is set as the registration displacement 
magnitude. By correcting the set registration displacement magnitude 

25 when the data is expanded, the color registration in X-direction is 
corrected (step 166). For example, it is possible to correct the color 
registration by changing the printing timing correspondingly to the set 
registration displacement magnitude, or replacing the printing data. 

Whether or not the registration displacement correction of the 

30 respective colors has been completed is checked, a series of steps 160 
to 168 is repeated until a YES result is obtained, and the color 
registration correction processing is brought to an end when a YES 
result is obtained. 
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As described hereinabove, the X-direction color registration 
correction processing involves sequential processing in which the 
rough adjustment for every 4 dots is performed referring to K color 
tilt that has been corrected as shown in FIGs. 8A and 8B, and the fine 
5 adjustment for every 1 dot is performed. In other words, the number 
of patterns to be recorded on paper can be reduced by correcting the 
color registration stepwise. 

Because blocks of the parallel bars of the respective colors are 
overlapped on the blocks of the K color parallel bars, a moire appears 

10 due to overlap between the K color vertical line and the parallel bars of 
color involved in displacement change, and the density change can be 
detected precisely based on the moire by means of the optical detection 
unit. At that time, as the result of the color registration correction 
with referring to K color that has been subjected to tilt correction, 

15 because the part of K color has already been saturated when the 

density is detected by means of the optical detection unit 22 and the 
density of the overlapped portions is not increased, the areal gradation 
effect is obtained without other effects and the density change is 
detected efficiently. Therefore, it is possible to correct the color 

20 registration precisely by correcting color registration of the respective 
colors with referring to K color that has been subjected to tilt 
correction. 

As the result of employment of K color as the reference, the 
average density of the recorded pattern is increased, the illuminance of 

25 a light source can be increased without saturation of the output of the 
light receiving element of the optical detection unit 22, it is possible to 
enlarge the density difference, the density detection accuracy is 
improved, and the light source having different spectral characteristics 
is not required. Furthermore, because the color registration is 

30 corrected by use of the same reference (tilt-corrected K color) for 
respective colors, the color registration is corrected precisely. 

Though the rough adjustment is performed at first and the fine 
adjustment is performed thereafter for color registration correction of 
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the respective colors as shown in FIGs. 8A and 8B in the above, the 
rough adjustment and fine adjustment may be performed for each 
color (CMY) as in the case of the tilt correction processing performed 
by use of K color as the reference as described hereinafter. 
5 Subsequently, after X -direction color registration is corrected 

in step 102 shown in FIG. 5, the tilt of each color is corrected with 
referring to K color as reference in step 104. The tilt correction of each 
color is performed according to the flowchart shown in FIG. 11. 

In detail, K color parallel bars 54K that have been subjected to 

10 tilt correction in step 100 is grouped into blocks each of which includes 
a certain number of bars and plural blocks are printed (step 180), the 
color parallel bars 54C (or 54M, or 54Y) are printed with 4-dot tilt for 
every block between K color parallel bars 54K (step 182). Each block is 
tilted with 4 dots in the positive and negative directions from the 

15 median that is located at the present state, and the span of adjustable 
range is ± 16 dots as shown in FIGs. 8A and 8B. In other words, the 
blocks of the color parallel bars 54C (or 54M or 54Y) with 4-dot tilt are 
printed on the blocks of K color parallel bars 54 without tilt with 
overlap as shown in FIG. 12. The respective print patterns of K color 

20 and C color, K color and M color, and K color and Y color are shown in 
FIG. 12. 

The optical detection unit 22 mounted on the carriage 16 
detects the density of each block (step 184), the block having the 
highest average density is detected, and the tilt magnitude of the color 

25 of the block is set as a temporary tilt magnitude (step 186). The optical 
detection unit 22 detects the change of average density of a block 
formed due to the parallel bar overlap area change based on the 
difference of inclination of each color from the inclination of K color. 
Furthermore, as in the case of step 180, the K color parallel 

30 bars 54K are grouped into blocks each of which includes a certain 

predetermined number of bars and plural blocks are printed in block 
(step 188), and the color parallel bars 54C (or 54M or 54Y) are printed 
with 1-dot tilt for every block between the K color parallel bars 54K 
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(step 190). Each block is tilted in the positive and negative direction 
with 1-dot tilt so that the temporary tilt magnitude set in step 186 is 
located at the median, and the span of adjustable range is ± 4 dots as 
shown in FIGs. 8A and 8B. 

5 The optical detection unit 22 mounted on the carriage 16 

detects the density of each block (step 192), the block having the 
highest average density is detected, and the tilt magnitude of the color 
of the block is set as the tilt magnitude of the color. The color tilt 
correction is performed by correcting the tilt by the magnitude that is 

10 equivalent to the set tilt magnitude when the data is expanded. For 
example, it is possible to correct the tilt of the color by changing the 
printing timing correspondingly to the set tilt magnitude or replacing 
the print data. 

Though the color tilt is corrected for each color (CMY) by 
15 performing the above-mentioned processing, otherwise a method in 
which the rough adjustment is performed for the respective colors and 
the fine adjustment is then performed for the respective colors may be 
employed as in the case of X-direction color registration correction 
processing. 

20 As described hereinabove, in the tilt correction of the color in 

the present embodiment, a method in which the rough adjustment is 
performed every 4 dots with referring to the tilt-corrected K color and 
the fine adjustment is performed every 1 dot thereafter as shown in 
FIGs. 8A and 8B is employed for the tilt correction of the color. In 

25 other words, tilt correction of the color is performed stepwise to 
reduce the number of patterns to be recorded on paper P. 

Aside from the present invention, in the case where the tilt is 
corrected by use of the monochrome pattern as in the case of the 
conventional method, the monochrome pattern is formed for the 

30 respective colors by use of the upstream nozzle and the downstream 
nozzle as shown in FIG. 13 in the same manner as used for tilt 
correction of K color (flowchart shown in FIGs. 6A and 6B). In this 
case, when the optical detection unit 22 detects the density of each 
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block, the output of the light receiving element of the optical detection 
unit is larger as shown in FIG. 14, and it is difficult to detect the density 
change of Y color. On the other hand, in the present embodiment, 
because blocks of the parallel bars of the respective colors are 
overlapped on the block of K color parallel bars as described 
hereinabove, a moire is generated due to overlapping between the 
vertical line of K color and the parallel bars of the color, the inclination 
of which changes, and the optical detection unit detects the density 
change precisely based on the moire. At that time, the tilt of the 
respective colors is corrected with referring to K color that has already 
been subjected to tilt correction and the density of K color portion has 
been saturated when the optical detection unit 22 detects the density, 
and the density of overlap portion is not increased. As the result, the 
areal gradation effect is obtained without other effects, and 
approximately the same output intensity is obtained for the respective 
colors as shown in FIG. 15 and the density change is detected 
efficiently. Therefore, the tilt of the color is corrected precisely. The 
pattern block No. on the abscissa shown in FIG. 14 and FIG. 15 
corresponds to the pattern block No. shown in FIG. 12 and FIG. 13. 

The average density of the recorded pattern is increased by 
employing K color as the reference, the output of the light receiving 
element of the optical detection unit 22 does not saturate even though 
the luminance of the light source is increased, it is possible to enlarge 
the density difference, the density detection accuracy is improved, and 
the light source having different spectral characteristics is not required. 
Furthermore, because the tilt of the color is corrected by use of the 
same reference for the respective colors (tilt-corrected K color), the tilt 
of the color is corrected precisely. 

Furthermore, because the optical detection unit 22 is disposed 
at the position located on the downstream side in the paper P feeding 
direction of the carriage 16 in the present embodiment, the optical 
detection unit 22 detects the pattern immediately after the pattern is 
printed, and as shown in FIG. 12, the position where the influence due 
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to the tilt of printing heads of the respective colors is largest (position 
on the downstream side in Y-direction) is detected. As the result, the 
density change is detected precisely. 

Furthermore, because it is not necessary to feed paper when 
5 the pattern of the color is recorded after the pattern of K color is 
recorded, the time required for pattern forming is shortened. 

Subsequently, after the tilt of the respective colors is corrected 
with referring to K color in step 104 shown in FIG. 5, X-direction 
reciprocating print correction processing is performed with referring 

10 to K color on the outward way in step 106. The X-direction 

reciprocating print correction is performed according to the flowchart 
shown in FIG. 16. 

In detail, the K color parallel bars that are subjected to the tilt 
correction in step 100 are grouped into blocks each of which includes a 

15 certain number of bars, and plural blocks are printed on the outward 
way of the carriage 16 in block (step 200), and the parallel bars of the 
respective colors (KCMY) are printed with 4-dot displacement for 
every block between the K color parallel bars on the inward way of the 
carriage 16 (step 202). In other words, the same pattern as that for X- 

20 direction color correction shown in FIG. 10 is printed. The 

displacement is recorded with 4 dots for every block in each of the 
positive and negative directions so that the median is located at the 
present state, and the span of adjustable range is ± 16 dots as shown in 
FIGs. 8Aand8B. 

25 The optical detection unit 22 mounted on the carriage 16 

detects the density of each block (step 204), the block having the 
highest average density is detected, and the image displacement 
magnitude of the block is set as the temporary reciprocation 
displacement (step 206). At that time, the optical detection unit 22 

30 detects change of the average density arising from change of the 
overlap area due to the difference in the displacement between the 
respective colors and K color. 
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Furthermore, as in step 200, the K color parallel bars are 
grouped into blocks each of which includes a certain predetermined 
number of bars, plural blocks are printed on the outward way of the 
carriage 16 (step 208), and the parallel bars of the respective colors 
5 (KCMY) are printed on the inward way of the carriage 16 with 1-dot 
displacement for every block between the K color parallel bars (step 
210). Herein, the displacement between adjacent blocks is set with 1- 
dot displacement in each of the positive and negative directions so that 
the reciprocation displacement magnitude set in step 206 is regarded as 

10 the median, and the span of adjustable range is ± 4 dots as shown in 
FIGs. 8A and 8B. 

The optical detection unit 22 mounted on the carriage 16 
detects the density of each block (step 212), the block having the 
smallest density change is detected, and the reciprocation displacement 

15 of the block is set as the reciprocation displacement magnitude arising 
from the reciprocation of the carriage 16. Then, the reciprocation 
displacement is corrected by correcting when the magnitude equivalent 
to the data of the set reciprocation displacement magnitude is 
expanded. For example, it is possible to correct the reciprocation 

20 displacement correction by changing the printing timing corresponding 
to the set reciprocation displacement magnitude or replacing the 
printing data. 

Though the reciprocation displacement is corrected by 
performing the above-mentioned processing for every respective 

25 colors (KCMY), a method in which the rough adjustment is carried out 
for each color at first and the fine adjustment is carried out for each 
color may be employed as in the case of X -direction color registration 
correction processing. 

Because the blocks of the parallel bars of each color are 

30 overlapped on the blocks of K color parallel bars, the overlap of K 
color vertical lines and the displacement changing color parallel bars 
form a moire, and the optical detection unit can detect the average 
precisely based on the moire. 
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In the conventional case where the reciprocation displacement 
is corrected by use of the monochrome pattern, the monochrome 
patterns are formed with slight displacement so that the blocks of the 
parallel bars printed on the inward way overlap thereon between the 
5 parallel bars printed on the outward way as shown in FIG. 17, the light 
receiving element output of the optical detection unit 22 becomes large 
when the optical detection unit 22 detects the density as shown in FIG. 
18, and it is difficult to detect the Y-color density change in this case. 
On the other hand, in the case of the present embodiment, because the 

10 blocks of the parallel bars of each color is overlapped on the blocks of 
the K-color parallel bars as described hereinabove, the overlap of the K 
color vertical line on the color parallel bars printed with changing 
displacement causes a moire, and the optical detection unit detects the 
density change precisely based on the moire. At that time, because the 

15 reciprocation displacement is corrected with reference to the tilt- 
corrected K color recorded on the outward way, the density of K color 
portion has already been saturated and the density of the overlap 
portion is not increased when the optical detection unit 22 detects the 
density. As the result, the pure areal gradation effect is obtained and 

20 the density change is detected efficiently as shown in FIG. 19. 

Therefore, the reciprocation displacement of each color is corrected 
precisely by correcting the reciprocation displacement of each color 
with reference to the tilt-corrected K color recorded on the outward 
way. 

25 Because the average density of the recorded pattern is 

increased by employing K color as the reference, the output of the 
light receiving element of the optical detection unit 22 will not be 
saturated even if the luminance of the light source is increased as 
shown in FIG. 20, it is possible to enlarge the density difference, the 

30 density detection precision is improved, and a light source having 
different spectral characteristics is not necessary. Furthermore, 
because the reciprocation displacement is corrected by use of the same 
reference on both outward way and inward way of each color (tilt- 
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corrected K color recording on the outward way), the reciprocation 
displacement is corrected precisely. 

When the K color reciprocation printing is corrected with 
reference to K color on the outward way in step 106 shown in FIG. 5, 
5 the Y-direction color registration is corrected with reference to K color 
in step 108. The Y-direction color registration is corrected according to 
the flowchart shown in FIG. 21. 

In detail, the tilt-corrected K color parallel bars are grouped 
into blocks each of which includes a certain number of bars in step 100, 
10 and plural blocks are printed (step 300). Though a block including 
parallel bars arranged in the Y-direction is printed in the above- 
•3 mentioned processing (steps 100 to 106), plural blocks of the parallel 
ll bars each of which block including the parallel bars arranged long in X- 

direction are printed. The color parallel bars are printed with 4-dot 
II| 15 displacement in Y-direction for every block between the K color 

parallel bars (step 302). Every block is displaced 4 dots in each of the 
h* positive and negative directions so that the present state is located at 
'■A the median, and the span of adjustable range is ±16 as shown in FIGs. 

J 8 A and 8B. 

Q 

U: 20 The optical detection unit 22 mounted on the carriage 16 

detects the density of each block (step 304), the block having the 
highest average density is detected, and the image displacement 
magnitude of the block is set as the temporary registration 
displacement magnitude of the block (step 306). Herein, the optical 

25 detection unit 22 detects the average density change caused by 

changing of overlapping area due to the difference of each color with 
respect to K color. 

Furthermore, as in step 300, the K color parallel bars are 
grouped into blocks each of which includes a certain number of bars as 

30 in the case of step 300 and plural blocks are printed (step 308), and the 
color parallel bars are printed with 1-dot displacement for every block 
between the K color parallel bars (step 310). The blocks are printed 
with 1-dot displacement in each of the positive and negative directions 
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so that the registration displacement magnitude set in step 308 is 
located at the median, and the span of adjustable range is ± 4 dots as 
shown in FIGs. 8A and 8B. 

The optical detection unit 22 mounted on the carriage 16 
5 detects the density of each block (step 312), the block having the 
highest average density is detected, and the image displacement 
magnitude of the block is set as the registration displacement 
magnitude. The Y-direction color registration is corrected by 
correcting it when the data equivalent to the set registration 
10 displacement magnitude is expanded (step 314). For example, it is 
, L possible to correct the color registration by selecting the nozzle to be 
□ used or replacing the print data. 

12 The color tilt is corrected by means of the above-mentioned 

processing for the respective colors (CMY), but a method in which the 
! s f| 15 rough adjustment of each color is performed and then the fine 
" adjustment of each color is performed may be employed as in the case 

H : = of the X-direction color registration correction processing. 

: ? The color displacement of each color is corrected with 

% s reference to K color also for the Y-direction color displacement 

jii 20 correction as described hereinabove, and the image displacement 
detection adjustment processing is brought to an end. 

Though the density printed when the parallel bars of K color 
and colors are recorded is not mentioned in the image displacement 
detection adjustment processing in the above-mentioned embodiment, 
25 the density of the respective parallel bars may be 100%, or may be 
different for each processing. 

Though the parallel bars are printed in block and are printed so 
that the tilt magnitude and displacement magnitude are different for 
every block in each process of the image displacement detection 
30 processing in the above-mentioned embodiment, a method may be 
employed in which the parallel bars are printed not in block unit but 
printed in parallel bars so that the tilt magnitude and displacement 
magnitude are different for every parallel bars. 
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According to the above-mentioned present invention, plural 
reference parallel bars are recorded on a recording medium by use of 
the reference recording head and plural parallel bars that are inclined 
differently are recorded between the recorded plural reference parallel 
bars by use of another recording head so as to overlap to thereby 
detect the inclination of the image to be recorded by another recording 
head with respect to the inclination of the image recorded by the 
reference recording head. As the result, the inclination of the image 
recorded by the reference recording head is matched precisely with the 
inclination of the image to be recorded by another recording head, and 
it is possible to correct the recording position correctly. 

Furthermore, by correcting the inclination of the reference 
recording head previously, it becomes possible to correct the 
inclination of all the recording heads correctly. 

While preferred embodiments have been shown and described, 
various modifications and substitutions may be made thereto without 
departing from the spirit and scope of the invention. Accordingly, it is 
to be understood that the present invention has been described by way 
of illustration and not limitation. 

The entire disclosure of Japanese Patent Application No. 2001- 
228638 filed on July 27, 2001 including specification, claims, drawings 
and abstract is incorporated herein by reference in its entirety. 



